INTRODUCTION
In 1998 the World Health Organization (WHO) declared that infectious diseases, which include AIDS and tuberculosis, are the most common cause of morbidity worldwide (World Hearth Organization, 1998) , and this situation is greatly influenced by the change in social conditions (Sattar et al., 1999) . Even when various antibiotics are used now, microbial infection is the most common cause of morbidity. It was indicated that approximately 50% of so-called hospital infections were actually acquired in the community, prior to hospitalization (Meer et al., 1981) , and when minor infections that do not result in medical consultations are also taken into consideration, the risk of microbial infection in our living environment is high. In such a situation, increasing attention has been paid to home hygiene in recent years, and many studies have been performed about the relation between home hygiene and microbial transmission (Davis et al., 1968; Enriquez et al., 1997; Finch et al., 1978; Larson, 1999; Larson and Duarte, 2001; Scott, 1996 Scott, , 1999 Scott at al., 1982; Terpstra, 1998; Zhao et al., 1998) .
Within the home environment, there are many opportunities for microbial exposure and transmission. Some studies have also described the link between microbial transmission and laundering operations (Barrie et al., 1994; Belkin, 2001; Blaser, 1984; Buford et al., 1977; Datta and Pridie, 1960; Larson and Duarte, 2001; Oliphant et al., 1949; Sidwell et al., 1971; Standaert et al., 1994; Walter and Schillinger, 1975; Wiksell et al., 1973) . However, these studies have mainly been done in North American or European countries, and there is little information on laundering operations in Japan.
There are various points regarding the home laundering operation in Japan that deserve further attention. For example, shorter laundering times, lower washing temperatures, little water usage and lower detergent concentrations may all reduce the hygienic benefits of laundering. These laundering conditions in Japan are greatly related to the change in the social situation. In the first place, it is thought that the above-mentioned laundry conditions reflect the desire to economize. As the most striking example of economizing, it is common for many families to use the leftover bath water to do the next day's laundry for the purpose of saving water. The use of the leftover bath water to do the laundry has declined from the past, but about 30% or less of families still use it. However it is thought that many microbes will exist in the leftover bath water and laundering with it may cause microbial transmission. Second, the laundering frequency has decreased because the number of nuclear families or solitary dwellers has increased. Third, since the women have been spending more time at work, they have been unable to spend sufficient time for laundering operations. The practice of drying the clothes inside the homes has also become more widespread for the same reason. In addition to the change in these situations, the laundry does not become dry enough because the climate of Japan is so humid. There is a high possibility that microbes not removed by laundering operations may flourish. These laundering situations may cause not only inadequate cleaning but also the opportunity for clean clothes or the washing machine to become cross-contaminated.
The present study was performed to clarify the link between the risk of household microbial transmission and home laundering operations in Japan by investigating the microbial contamination of various articles (children's underpants, used bath towels and kitchen rags) , the washing machine and bath water.
MATERIALS AND METHODS

Selection agar
Standard method agar (Nissui Pharmaceutical, Tokyo) was used to count the viable cell number. In order to isolate the bacteria from the samples, eight kinds of selection agars were used. Coliform bacteria were assayed on Desoxycholate agar (Nissui) without being cooled or dried. These samples were washed by rubbing for 3min in a stomacher polyethylene bag containing 500m1 of ice-cooled sterile physiological saline (0.85% NaCI) with 0.2% Tween 80. These sample solutions were diluted and spread as mentioned above.
Detection and quantitation of bacteria in bath water Ten bath water samples were provided by ten volunteer families. Used bath water was collected in sterilized bottles after the water had been left standing for 12h. The samples were transported to our laboratory without being cooled. These sample solutions were diluted and spread as mentioned above.
Identification of isolated bacteria by API system
Colonies grown on a various selection agars were discriminated visually and further underwent the oxydase test, Gram-stain and microscopic observation. Isolated bacteria were identifiedby API system (bioMerieux Industry, Tokyo). API 20E was used for identification of coliform bacteria, Escherichia coli, Salmonella spp., Shigella spp., Serratia spp. and Pseudomonas spp. and so on. API STAPH was used for Staphylococcus spp. and API 50CH for Bacillus spp.. The method followed the API manual and results with over 60% accuracy were adopted. which is an opportunistic pathogen, were isolated from the bath towel harboring the highest amount of recoverable bacteria. Pseudomonas spp. was isolated from more than half of the samples (5 of the 9 samples). E. coli, Salmonella spp., and Shigella spp. were not detected. (Table  2) .
Almost the same tendency was seen in a previous report (Scott et al., 1982 bacterial multiplication would be promoted in samples with such conditions. Therefore, from the viewpoint of home hygiene, much attention is required for the handling of a used bath towel. Many more bacterial species were isolated from kitchen rags (8 species) than from the other samples (underpants; 5 species, bath towels; 6 species) (Table 3 ). Similar to the results from bath towels, many bacteria were isolated from the more soiled, damp and smelly samples (data not shown). Generally, the domestic kitchen is one of the places where the risk of bacterial contamination is highest (Scott, 1999; Zhao et al., 1998) , and our results support this report. Unlike the results from the United States or European countries, Salmonella spp. was not detected in the kitchen rags. This is thought to reflect the situation that countermeasures against human salmonellosis have been fully realized in Japan. However, other opportunistic pathogens such as Serratia spp. were isolated from the home environment. Moreover, the result that many coliform bacteria were isolated from kitchen rags was also similarly seen in a previous report (Enriquez et al., 1997) . Furthermore, an environmental bacterium, Alcaligenes spp., was also isolated from kitchen rags (8 of the 10 samples). These results suggest that the crosscontamination from other areas (e.g. a bath or a toilet) to the kitchen utensils might have taken place by a hand contact. For kitchen rags, washing with a detergent is usually performed in many homes (Table  4) . But it is obvious that washing with detergents only is inadequate to sterilize kitchen rags. In order to prevent the occurrence of cross-contamination through kitchen rags, the use of boiling water or the addition of bleach is also needed (Scott and Bloomfield, 1990) . We investigated the microbial contamination in the domestic washing machine (Table 5 and 6).The contamination of bacteria on the drum and drain ditch was investigated and the occurrence of constant microbial contamination was revealed from our results. Results showed the same tendency found in the results from the public washing machines in the United States (Buford et al., 1977) . Many bacteria were isolated from the drain ditch rather than the drum. The reason is thought to be that the drain ditch region is always damp so it is suitable for microbial survival. The kinds of bacteria isolated were generally similar to those isolated from children's underpants, bath towels and kitchen rags. Many Staphylococcus spp. were isolated. This seemed to be natural because Staphylococcus spp. is a representative strain of the normal microbial flora from human skin. Contrary to our expectations, Bacillus spp., which were isolated in great number from children's underpants, were not isolated from the washing machine. When a contaminated washing machine is used, not only can perfect laundering hygiene not be attained but also it may cause the cross-contamination from soiled clothes to clean clothes. In the United States or European countries, laundering is often done with a bleach for extra cleaning power (Gibson et al 1999; Racioppi et al., 1994) . In Japan, although most of the families used a bleach, many bacteria were isolated (Table 5 and 6 ). This result suggests that the addition of bleach may be effective in cleaning garments but not effective in sanitizing a washing machine.
From bath water, no bacteria were isolated from 2 of the 10 samples contrary to our expectations (Table  8) . Some of the results showed that many bacteria were isolated though the number of persons using the bath was small. This result indicates the difference in the number of isolated bacteria was due not to the number of persons but the difference in home hygiene. Although many kinds of species were isolated from the other eight samples, they were generally the same types found in the samples from children's underpants, bath towels, kitchen rags and washing machine swabs, except for Alcaligenes spp. which was the predominantly isolated strain. Moreover, the number of isolated bacteria increased in the samples from families in which children of age 10 or younger, or an old person were present (Table 9 ). Higher levels of hygiene would be needed for these families.
Unlike in many other foreign countries, in Japan it is common for families to use the leftover bath water for the next day's laundry. However, our results revealed that many bacteria existed in the leftover bath water. If this bath water is used to do the laundry, bacterial contamination will occur. The bacteria which were isolated from the bath water were mainly normal environmental microbial flora, so it is thought that they rarely affect our health directly. However, if disease-causing microbes are contained in the used bath water, it is possible that laundering with used bath water may transmit the bacteria to other laundry. Therefore, laundering operations in Japan need to be improved to prevent predictable microbial contamination.
Neither Salmonella spp. nor Shigella spp. was isolated from the investigated samples. This result may reflect that the level of home hygiene in Japan is high. However, it may be unreasonable to describe the level of home hygiene on the basis of our results since samples were collected from only a small part of Japan and only few samples were collected. Moreover, although typical infectious bacteria were not isolated, many bacteria that reveal low levels of hygiene (Bloomfield and Scott, 1997) were isolated. These results suggested the possibility of further microbial contamination and transmission.In order to improve such a situation, we should make efforts to reduce the risk of microbial contamination.
